The purpose of this study was to address two methodological issues that have called into question whether previously reported gene-environment interaction (GxE) effects for adolescent alcohol use are 'real'. These issues are (1) the potential correlation between the environmental moderator and the outcome across twins and (2) non-linear transformations of the behavioral outcome. Three environments that have been previously studied (peer deviance, parental knowledge, and potentially stressful life events) were examined here. For each moderator (peer deviance, parental knowledge, and potentially stressful life events), a series of models was fit to both a raw and transformed measure of monthly adolescent alcohol use in a sample that included 825 dizygotic (DZ) and 803 monozygotic (MZ) twin pairs. The results showed that the moderating effect of peer deviance was robust to transformation, and that although the significance of moderating effects of parental knowledge and potentially stressful life events were dependent on the scale of the adolescent alcohol use outcome, the overall results were consistent across transformation. In addition, the findings did not vary across statistical models. The consistency of the peer deviance results and the shift of the parental knowledge and potentially stressful life events results between trending and significant, shed some light on why previous findings for certain moderators have been inconsistent and emphasize the importance of considering both methodological issues and previous findings when conducting and interpreting GxE analyses.
2012). In the present study, we systematically re-examined these three environmental factors (parental knowledge, peer deviance, and potentially stressful life events) using new methods that account for the potential correlation between twins' level of the environment, unlike the statistical models that have historically been used to investigate GxE. In addition, we assessed whether non-linear transformations of the behavioral outcome would change previously reported GxE results, since some types of interactions have been shown to be scale dependent (Lynch & Walsh, 1998; Mather & Jinks, 1982) .
Peer deviance, parental knowledge/monitoring, and stressful life events are three of the candidate environments that have been examined by multiple groups as moderators in the area of adolescent externalizing behavior (e.g., alcohol and drug use and conduct problems). A number of these studies found evidence that these factors significantly moderate genetic influences on alcohol use. Dick et al. (2007a) found that peer alcohol use moderated the heritability of adolescent alcohol use. They demonstrated that when more peers are using alcohol, the genetic influence on the adolescent's alcohol use is greater. Similarly, Harden et al. (2008) found that the effect of a best friend's substance use is dependent on the target adolescent's genetic liability; those adolescents with greater genetic liabilities toward substance use were more strongly affected by their best friend's substance use. With regards to parental monitoring, Dick et al. (2007b) , using the classic univariate moderation model, showed that genetic influences on adolescent substance use were greater at lower levels of parental monitoring. In addition, Miles et al. (2005) found a moderating effect of parental characteristics on adolescent female alcohol use. They showed that at higher levels of parental closeness the genetic influences on adolescent alcohol use are lower. In all of these instances, genetic influences on alcohol use increased in the context of environments characterized by high levels of social opportunity to use and/or lack of social control (e.g., higher peer deviance, lower parental monitoring; Dick & Kendler, 2012; Shanahan & Hofer, 2005) . The literature on stressful life events is more nuanced. Hicks et al. (2009) , using a bivariate model, demonstrated that stressful life events moderated the genetic effect on externalizing disorders (including alcohol dependence) in adolescents. Again, genetic influences were greater in the context of more stressful life events. However, Button et al. (2007) found a positive genetic correlation between negative life events and externalizing behavior, but no GxE interaction.
The majority of these previous GxE studies used the univariate and bivariate models to study moderation as delineated in Purcell (2002) . The univariate model allows for both linear and non-linear moderation of either the mean or the variance (conditional on the moderator) of the behavioral outcome. The bivariate model explicitly models the covariance between the behavioral outcome and the moderator, and allows for moderation of both the common and unique variance components. In a more recent examination of these models, van der Sluis et al. (2012) demonstrated that under certain conditions, the bivariate model has an increased false negative rate (Type II error) and the univariate model can result in false positives (Type I error). To address this problem, van der Sluis et al. (2012) extended Purcell's univariate model so that the behavioral outcome of each twin is corrected for the potential correlation with their own and their co-twin's value of the environmental moderator. Simulation studies showed that this extended univariate model accurately detected moderation and is more powerful than the bivariate model. However, if the covariance between the moderator and the behavioral outcome is moderated, the extended univariate model does not specify the location of the moderation, and the bivariate model provides the correct test. Conversely, in instances where the bivariate model shows no moderation of the covariance between the behavioral outcome and the moderator, the extended univariate model is the more powerful and appropriate model to test for moderation.
In addition to model selection, it has long been known that the scale of the behavioral outcome can have an effect on the detection of GxE. Mather and Jinks (1982) demonstrated, using data from several published examples, instances of GxE that varied in their robustness to non-linear transformation of the behavioral outcome. GxE can be detected as a result of the change in variance as the mean increases (heteroscedasticity). Non-linear transformations of the behavioral outcome (e.g., square root, logarithmic) in these cases will reduce the variance and can eliminate the interaction effect. However, interactions that are not dependent on this increased variance should be robust to transformations of scale. Despite this known concern, many studies of GxE fail to address issues of scaling.
In the present study, we systematically reexamined GxE effects for three environmental factors -peer deviance, parental knowledge, and potentially stressful life eventsthat have been widely studied in the adolescent alcohol use literature and have been shown to moderate latent or measured genetic influences on adolescent externalizing behavior. Peer deviance, parental knowledge, and stressful life events can differ between twins and therefore have the potential to correlate with the co-twin's trait, leading to the detection of false positive GxE interactions. Following the recommendations of van der Sluis et al. (2012) , we examined GxE for these environmental factors and adolescent alcohol use in the bivariate and extended univariate models (when relevant). In addition, we ran a series of analyses examining whether our results were robust to non-linear transformations of the alcohol use outcome.
Methods

Sample
The sample for the present study came from the Finnish population-based FinnTwin12 cohort, which is a longitudinal twin study designed to examine genetic and environmental influences on precursors to health outcomes, especially alcohol use (Kaprio et al., 2002) . FinnTwin12 includes twins identified through Finland's Population Registry Center from five consecutive birth cohorts (1983) (1984) (1985) (1986) (1987) collected from 1994 to 1998 comprised of 11-to 12-year-old twins. An initial family questionnaire was sent to all eligible twin families late in the year before the twins turned 12 years old, and received an 87% response rate. Additional baseline questionnaires were mailed to those families who returned the family questionnaire. Zygosity was assessed at this point by a well-validated questionnaire completed by both twins (Kaprio et al., 2002) . Further follow-up questionnaires were sent at ages 14-17.5 years old, with the addition of agespecific items on health behaviors such as alcohol use and abuse. Here, we focus on data from the age 14 assessment (88% response rate), which included questions about alcohol use, parental knowledge, peer deviance, and stressful life events. The sample used for these analyses contained 803 MZ twin pairs (409 female pairs and 394 male pairs) and 825 same-sex DZ twin pairs (386 female-female pairs and 436 male-male pairs). Female and male twin pairs were collapsed across zygosity in modeling consistent with previously published papers, since these analyses were intended as a follow-up to that work.
Measures
The adolescents reported on their alcohol use frequency in the past month using the following categorical response options: never, less often than once a month, about 1-2 times a month, or once a week or more. We then transformed this categorical variable into a semi-continuous variable indexing the approximate number of days (out of 30) the adolescent drank in the past month. The answer choices were recoded as following: never = 0, less often than once a month = 0.5, about 1-2 times a month = 1.5, and once a week or more = 4.3. Therefore, 0, 0.5, 1.5, and 4.3 equal the approximate number of days in a month (30 days) that the adolescent drank corresponding to the ordinal response options (Dick et al., 2001) .
The age 14 parental knowledge measure was the sum score of four adolescent self-report items (␣ = 0.78) on the degree to which their parents know about their daily plans, activities and whereabouts, how they spend their money, and where/who they are with when not at home (Chassin et al., 1993) . Responses were made on a fourpoint scale ranging from almost always to rarely or never. Items were reverse scored and summed so higher scores indicate more parental knowledge. The age 14 peer deviance measure was the sum score of four adolescent self-report items regarding the number of friends/acquaintances who drink, smoke, use drugs, and get into trouble at school (␣ = 0.77). Responses were made on a four-point scale ranging from none to more than five, and were summed such that higher scores indicate higher peer deviance. For both peer deviance and parental knowledge, sum scores were created and adjusted for missingness. Prorated sum scores were calculated for individuals who responded to at least half of the items by scaling up their raw sum score based on the number of missing items.
The age 14 stressful life events measure was a sum score of all stressful life events endorsed by the adolescent. Stressful life events were assessed using 13 dichotomous questions, with response options of yes or no, regarding changes in the adolescent's life, such as people moving away, death of a relative/friend, having conflicts, serious illness/injury, or birth of a sibling in the past two years. 'Yes' responses were summed to create a total life events score.
Bivariate and Univariate GxE Twin Models
For each moderator, we ran a bivariate Cholesky model with moderation (shown in Figure 1 ). The bivariate Cholesky model extends the classic twin design and allows for partitioning both the variance of each phenotype and their covariance. The variance and the covariance are partitioned into three sources -additive genetic factors (A), shared environmental factors (C), and unique environmental factors (E) -based on the relationship between the MZ and DZ twin correlations. Moderation can be assessed in the bivariate model on the A, C, and E influences unique to the behavioral outcome and those shared with the moderator. Along with the a, c, and e path estimates, ␤ parameters, indicating the moderating effect of the moderator variable on each path, are also estimated. If the ␤ parameter is significantly different from zero, this indicates the existence of moderation on that pathway and the value of ␤ indicates the magnitude of the moderation. Moderation effects were tested first on the shared paths to determine whether it was appropriate to use the extended univariate model. If the moderation on the shared paths was significant, then moderation effects were tested on the unique paths for A, C, and E consecutively using the bivariate moderation model.
If moderation on all cross paths could be dropped, an extended univariate model was then fit (Figure 2 ). It also includes ␤ moderation parameters on each of the a, c, and e paths and moderation is tested in the same way as on the unique a, c, and e paths in the bivariate moderation model described above. The difference from the original Purcell univariate model is that estimation of the behavioral outcome value for each twin is corrected for both the value of twin's moderator and their co-twin's moderator. To assess moderation, the ␤ parameter was dropped on a, c, and e paths consecutively.
FIGURE 1
The bivariate moderation model. This figure illustrates the bivariate model (for one twin) with the addition of moderation components on the appropriate paths.
FIGURE 2
The extended univariate model. This figure illustrates the extended univariate moderation model (for one twin).
We ran a series of analyses: first, using the raw alcohol use frequency variable; second, using the square root transformed alcohol use frequency variable; and finally, using a logarithmic transformed alcohol use frequency variable. This was done to test how robust the findings were to different types of transformations in scale. Moderation can be falsely detected as an artifact of heteroscedasticity. A square root or logarithmic transformation in this case normalized the distribution by reducing the skew, testing if the effects were robust to changes in scale.
All analyses were run using Mx (Neale et al., 2003) . Model selection was determined by the -2 log-likelihood difference method. For each parameter dropped, the -2 log-likelihood of that model was compared to the -2 log-likelihood of the saturated model. If the submodel's -2 log-likelihood differed significantly according to a one degree of freedom chisquare test (p <.05) from the saturated model, the model fit was judged to be significantly worse and the parameter should be retained in the model. Table 1 displays the descriptive statistics for all variables used in the subsequent analyses. The four variables were all modestly to moderately (-0.09-0.44) correlated with each other in the expected directions. For example, higher levels of alcohol use were associated with higher levels of peer deviance, lower scores of parental knowledge and greater number of stressful life events. Table 2 shows the twin correlations and the univariate twin model results for alcohol use frequency and the moderators. We found no mean differences in adolescent alcohol use between males and females. The variance in each of the environmental moderators and alcohol use frequency can be accounted for by genetic, shared environmental, and unique environmental influences. However, the size of the influence varies between the environmental moderators and alcohol use frequency.
Results
Peer Deviance
We tested for moderation on the A, C, and E components that peer deviance and alcohol use frequency shared using the bivariate moderation model (shown in Table 3 ). Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom.
The path estimates for the bivariate moderation model are shown in Figure 3 . Since moderation was retained on the cross c path, it was not appropriate to use the extended univariate model. Therefore, we continued to test for moderation on the unique a, c, and e paths in the bivariate moderation model. As shown in Table 3 , there were significant moderation effects on the unique A and E components. Figure 3 shows the changes in the raw variance of the shared and unique A, C, and E components as a function of peer deviance. Genetic and environmental influences increased under conditions of higher peer deviance, and were attenuated under conditions of lower peer deviance.
Parental Knowledge
Again using the bivariate moderation model, we tested for moderation on the A, C, and E components that parental knowledge and alcohol use share. As shown in Table 4 , moderation was significant on the cross c path. Therefore, it was not appropriate to use the extended univariate model. Moderation on the unique a, c, and e paths was then tested consecutively using the bivariate model. Table 4 shows that the moderating effects on the unique A and E components were retained. Figure 3 shows the changes in the raw variance of the shared and unique A, C, and E components as a function of parental knowledge. The genetic and environmental influences decreased under higher scores of parental knowledge and were greatest under lower parental knowledge.
Stressful Life Events
Following the same series of tests used for the other moderators, we first tested moderation on the cross paths using the bivariate moderation model. As shown in Table 5 , moderation was retained on the cross C path, indicating it is inappropriate to use the extended univariate model to further test for moderation. Therefore, moderation was further tested on the unique a, c, and e paths using the bivariate model. Table 5 shows moderation could be dropped on the unique a path but not the unique c and e paths. Figure 3 shows the changes in raw variance of the shared and unique A, C, and E as a function of stressful life events. The shared and unique environmental influences (but not Bivariate moderation models and moderation results. On the left are the bivariate moderation models with the moderation paths for each of the moderators. On the right are graphs of the raw variance of A, C, and E as a function of the moderators on both the unique and cross paths.
additive genetic influences) were greatest under conditions of greater potentially stressful life events and diminished at lower numbers of potentially stressful life events. The additive genetic influences did not change significantly as a function of the number of potentially stressful life events.
Transformed Alcohol Frequency Analyses
We reran our GxE models using a square root transformed and a logarithmic transformed alcohol use frequency variable in order to examine the robustness of the results that emerged using the raw alcohol variable. The square root Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom. Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom. Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 loglikelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom.
transformed variable and the logarithmic transformed variable were highly correlated, r (4,707) = 0.99, p < .01. The results were consistent between the two transformations and only the results from the square root transformed variable are presented here.
Peer deviance. Similar to the analyses using the raw variable, we tested for moderation on all cross paths between peer deviance and alcohol use frequency and on all paths unique to alcohol use frequency using the bivariate moderation model. As shown in Table 6 , evidence for moderation was found on cross and unique a, c, and e paths. Genetic and environmental influences were greater at higher levels of peer deviance and reduced at low levels of peer deviance (see Supplemental Figure) . Table 7a , moderation on the cross A, C, and E paths could be dropped; therefore, the extended univariate model was used to further test for moderation. Moderation could only be retained on the E path in the extended univariate model, shown in Table 7b . Therefore, genetic and shared environmental influences did not change significantly across levels of parental knowledge. Unique environmental influences were greater at lower scores on the parental knowledge variable (riskier environment) and reduced at higher scores on the parental knowledge variable (see Supplemental Figure 1 ). Table 8a , moderation could be dropped on all three of the cross paths. Therefore, the extended univariate model was used to further test moderation. Table 8b shows moderation could be retained on Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom. Note: The full model refers to the full extended univariate model seen in Figure 2 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom. Note: The full model refers to the full bivariate model seen in Figure 1 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom. Note: The full model refers to the full extended univariate model seen in Figure 2 . -2LL = -2 log-likelihood; df = degrees of freedom; AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion; LL = difference in log-likelihood; df = difference in degrees of freedom.
Parental knowledge. As shown in
Stressful life events. As shown in
the a and c paths and dropped on the e path. At high levels of stressful life events, the shared environmental influences were greatest, whereas at low levels of stressful life events the shared environmental influences were attenuated. The reverse is true for the genetic influences: genetic influences were greatest at low levels of stressful life events and smallest at high levels of stressful life events (see Supplemental Figure) .
Discussion
There has been a history of skepticism surrounding GxE interactions (Duncan & Keller, 2011; Eaves, 2006; Kendler & Gardner, 2010; McClelland & Judd, 1993) . Such skepticism reiterates the importance of approaching GxE analyses cautiously and systematically, and the need to revisit previous findings when new statistical models become available in the field. The results of the current study, where we examined GxE effects for adolescent alcohol use frequency in the context of three salient environments (parental knowledge, peer deviance, and potentially stressful life events), address two issues that are relevant for assessing the robustness of previous GxE findings in the area of adolescent externalizing behavior: first, the importance of evaluating different models to test for GxE; and second, the importance of assessing whether any effects that emerge are robust to non-linear transformations of the behavioral outcome. We discuss each of these points in turn. The moderating effect of peer deviance on adolescent alcohol use was robust to both of these tests. After systematically choosing the best fitting model, peer deviance was shown to moderate the additive genetic, shared environmental, and unique environmental influences on alcohol use. These results were found for both the raw and transformed versions of the alcohol use variable. The consistency of these findings across transformation is further supported by the literature. Using the same Finnish sample Dick et al. (2007a) found that friends' alcohol use significantly moderated the additive genetic, shared environmental, and unique environmental influences on adolescents' alcohol use at age 17.5. In a different sample, Harden et al. (2008) found that the effect of a best friend's substance use was greater among adolescents with higher genetic liabilities. Peer deviance is also found to interact with genetic risk for both alcohol use disorder specifically and externalizing phenotypes in general on level of alcohol consumption (Kendler et al., 2011) . In all the aforementioned studies, at higher levels of peer deviance/substance use there were greater genetic effects. The consistent support in the literature and the stability of the GxE effects across different models and transformations further emphasizes the moderating effects of peer deviance on the genetic influences on adolescent alcohol use as a robust effect.
The effects associated with parental knowledge analyses showed greater dependency on the scaling of adolescent alcohol use. In the GxE models using the raw alcohol use frequency variable, we observed that parental knowledge moderated the additive genetic, shared environmental and unique environmental influences. However, when using a non-linear square root transformed alcohol use variable, the moderating effects of genetic influences and shared environmental influences could be dropped in the model fitting procedure, though they still showed a trend (p = .06, p = .05) in the expected direction, whereby genetic and shared environmental influences increased under conditions of lower parental knowledge. While there is still a trend in the expected direction, the fact that the moderating effects in this case are affected by the distribution of the behavioral outcome may call into question the stability of the original findings in the raw variable (Lynch & Walsh, 1998; Mather & Jinks, 1982) . Previously, using the same Finnish twin sample, Dick et al. (2007a) reported moderating effects of parental monitoring on adolescent smoking but not drinking. Our analyses differed from those of Dick et al. (2007a) in that we used a semi-continuous measure of alcohol use frequency and assessed these findings using the bivariate moderation model and the newer extended univariate model. These differences potentially explain our findings of significant moderation of genetic influences with the raw variable but only a trend in the transformed variable.
The decreased statistical significance across transformations does not rule out the possibility that parental knowledge is an important environmental moderator of genetic predispositions on adolescent substance use. Studies have shown an interaction between parenting characteristics and specific genetic polymorphisms on general substance use and externalizing behavior (Brody et al., 2009; Dick et al., 2009) . Additionally, parental knowledge may not be the most important parental characteristic for alcohol use specifically. Miles et al. (2005) found that parental closeness was the most important parental characteristic for moderating the genetic influences on adolescent alcohol use. In the context of these previous findings, the change in our findings from statistically significant to trend-level across transformation, it is reasonable to conclude that the relationship between parental monitoring and adolescent alcohol use is subtler than that between peer deviance and adolescent alcohol use. Alcohol use, and specifically problematic use, can be assessed and represented in a variety of ways. Because there is no true metric for alcohol problems, inconsistent findings with one scaling versus another only serve to remind us that we are testing for statistical interactions rather than biological interactions (Kendler & Gardner, 2010) and that conclusions about these interactions cannot be made absent of underlying theory.
Of the moderators tested, the relationship described in the literature between alcohol use and stressful life events was the most tenuous (Veenstra et al., 2006) . Using the raw alcohol use variable, we found (in the bivariate model) that potentially stressful life events only significantly moderated the environmental influences on the raw alcohol use variable, with the moderating effect on genetic influences yielding a trending effect (p = .07). Using the transformed variable, we found (in the both the bivariate and the extended univariate models) that potentially stressful life events significantly moderated the genetic and shared environmental influences on the transformed variable. Similar to our findings with the raw variable, Button et al. (2008) found that negative life events moderated the influence of unique environmental factors but not additive genetic or shared environmental factors on externalizing behavior. However, Hicks et al. (2009) found that stressful life events moderated additive genetic, shared environmental, and unique environmental influences on externalizing behavior (including alcohol use), which is similar to our findings with the transformed variable. Although both the raw and transformed results are consistent with previous findings, the change from trend to statistical significance of these results across transformations within the Finnish sample provides a useful example of the potential effect of heteroscedasticity on GxE effects. Heteroscedasticity can produce biased standard errors. Transforming the alcohol use variable reduces the heteroscedasticity leading to unbiased standard errors and a significant GxE finding in the transformed (but not raw) alcohol use variable. In addition, although similar events may have been assessed in each of these studies, the extent to which they were perceived to be stressful was not included in these analyses (i.e., the events measured in this study are potentially stressful life events). These factors may partially explain some of the ambiguity in the nature of the GxE relationship for adolescent alcohol use and potentially stressful life events.
Considering the raw and transformed results across the three moderators as a set, the question of why some moderators are more susceptible to transformation than others still remains. We tested if there were a differential number of bivariate outliers across each moderator and the alcohol use variable and found the number of bivariate outliers to be consistent across the moderators with both the raw and transformed alcohol use variable. Therefore, the difference in susceptibility to transformation between environmental moderators is unlikely due to the bivariate distributions of these moderators. Instead, this difference could be in part due to the lack of an absolute metric for the environment. Latent GxE effects capture changes in heritability across different levels of the environment. And, like all heritability estimates, these estimates are sample specific (Verhulst et al., 2015) . Therefore, GxE findings have the potential to vary both across difference studies and when the distribution of the outcome variable changes as the result of a non-linear transformation. An additional related complication is that, just like the complex traits of interest in GxE studies (including alcohol use related behaviors), these measured environments have no 'true metric' (Dick et al., 2015) . Therefore, each measurement of an environment may (or may not) tap into one (or multiple) aspects of the environment that are relevant to the development of the complex trait.
The findings from the present study should be interpreted in the context of several limitations. First, we were unable to formally test whether the moderating effects of peer deviance, parental monitoring, or potentially stressful life events on adolescent alcohol use differed by sex. The basic GxE models described in this article require relatively large sample sizes to detect effects. Therefore, with the increased complexity of testing sex differences in moderation models we would not have had sufficient power. Further studies are needed to assess the potential important differences in how these moderators affect male and female alcohol use during adolescence. Second, family and twin data-based models are not informative as to which genes are responsible for the interactions discovered in twin models. Accordingly, studies of latent GxE can tell us about environmental factors that moderate overall genetic influence, but not specific genes or facets of a predisposition that may interact with environmental factors.
In conclusion, we tested the robustness of three moderators previously associated with adolescent alcohol use. We assessed these effects using a systematic pipeline of GxE models, comprised of the bivariate twin model and the extended univariate model, to examine moderators that could potentially vary between twins. In addition, we tested if the effects were robust following two non-linear transformations of the alcohol use measure. We found that when the assumptions of the extended univariate model are met, the results generated do not differ from those of the corresponding bivariate moderation model. With regards to parental knowledge, the moderating effect showed the same pattern across the raw and transformed outcome variables. The effect was borderline significant after transformation, indicating a more subtle relationship between parental monitoring and adolescent alcohol use. The moderating effect of potentially stressful life events on the genetic influences on alcohol use showed a trend in the raw variable and was significant using a transformed variable. Finally, along with having the strongest literature support, the effects of peer deviance were robust to both the model selection and transformation. The three distinct results from these three moderators emphasize the need for replication of GxE findings in the context of new models that address previous statistical limitations, and testing the robustness of GxE effects following a non-linear transformation of the dependent variable.
